Calorimetric study of a precipitating solvent system of Potassium-Taurate (KTAU) was performed in the CPA202 calorimeter. Two different experiments were conducted, i.e. heat of absorption of CO2 in KTAU solvent at different conditions (concentration = 1.5 M and 3.0 M), loading up to ~ 0.8 mol CO2/ mol Taurine and temperature = 25 C, 40 C, 80 C). Moreover, dissolution heats of Taurine/solid were also measured. The result agrees well with the reported data. The procedure developed for the heat of dissolution measurements was verified by measuring heat of dissolution of solid Taurine in water and comparing results with data in literature. The solid formation occurs during the absorption of CO2 in 3.0M KTAU at low temperatures (25 C and 40 C) and at loadings (~ 0.3 mol CO2/ mol Taurine). The heat of dissolution of the formed solid in pure water is slightly higher than that of Taurine in pure water but less heat is required to dissolve the same solids in unloaded 3.0 M KTAU solution.
Introduction
Neutralized amino acid salts could be an attractive alternative to alkanolamines as solvents for CO2 absorption, due to comparable reactivity and absorption capacity [1] [2] [3] , better resistance to degradation, negligible volatility and higher surface tension [1] and also a favorable pKa value [4] .
An amino acid molecule can contain primary or secondary amino-groups, which react with CO2 similarly to alkanolamines. The main products are carbamate (R1) and bicarbonate (R2).
(R1) (R2) Solid formations might be observed during the CO2 absorption with amino-acid salts solutions under certain range of concentrations, temperatures and pH of solutions [1] . Depending on amino acid and process conditions, the solid product may be a neutralized salt of amino acid, amino acid itself, bicarbonate of amino acid or metal bicarbonate. In a standard absorption-desorption process, the solid formation could be a big challenge in the operation but under specific circumstances can turn as advantages to the process, for instance leading to higher CO2 capacity.
Fernandez et al. [5, 6] have made a conceptual process development by comparing non-precipitating and precipitating systems and reported that the precipitating solvent gave significant reductions in the energy consumption, -35% compared to a conventional process based on 5M MEA. The energy consumption was estimated based on experimental VLE data. The Van Hoff equation was used to derive the heat absorption of CO2 into solutions from the VLE correlation. An additional heating source in the form of low quality steam to re-dissolve the solid was also reported to account for about 10 % of the energy requirement. Neither heat of absorption nor heat of dissolution of the solid was measured.
This work aims to provide the experimental data on a calorimetric measurement for both the heat of absorptions of CO2 into a neutralized amino acid salt solution and the heat of dissolution of formed solid in the solution. Provided experimental data could be used to improve the existing thermodynamic model and to provide a better estimate of energy requirement. 
Nomenclature

Experimental and Methods
Chemicals
The purchased chemicals were used as received without further purification. Aqueous solutions were prepared by dissolving the chemicals (Table 1) in the distilled de-ionized water until 1 L of final solution is obtained. The purity of KOH was taken into account during the solvent preparation and assuming the rest is water. 
Experimental setup
A commercially available reaction calorimeter CPA 202 (ChemiSens AB, Sweden) used in this work is designed for operation at temperatures between -50 C and 200 C depending on the choice of a heating media and an external cooling system, and at pressures from vacuum to 20 bar. The reactor is submersed in the CPA202BU thermostat filled with a heating media.
A glass reactor with metal flanges and 2 different SS lids was used in this work. Distilled water was used as a heating media (limiting the experimental temperature to max 90 C), and tap water was used for an external cooling.
The glass reactor of 258.8±0.2 cm 3 total volume ( Figure 1 ) is equipped with a manometer, Pt-100 temperature sensor (accuracy 0.1 C), SENSIT pressure gauge (1-10 bara, accuracy 0.15%FS), and a magnetic stirrer with maximum stirring up to 2000 rpm. CO2 is fed to the reactor via a Bronkhorst Hightech mass flow controller (0.5 NL/min, accuracy 0.1% FS). All operation parameters (e.g. reactor temperature and pressure, CO2 temperature and pressure, heat flow, CO2 flow, etc.) are recorded as function of time using a ChemiCall software provided by Chemisens. Sensitivity of the calorimeter given by the producer is 0.1 Watt. 
Experimental Procedures
Two different procedures to measure heat of absorption and heat of solid dissolution were used in this work. The procedure for the heat of absorption measurement similar to one described by Kim and Svendsen (2007) [7] was used in this work: the CO2 was added in several steps to the solution kept at isothermal conditions. Amount of heat removed by the system to keep the solution at constant temperature was then assumed to be equal to the heat of absorption.
The reactor was filled with ~150 g solution and evacuated to ~3 kPa at ambient temperature. A desired experiment temperature was set and the system was left to reach equilibrium. The equilibrium was reached when reactor temperature, pressure and total power were constant for minimum 10 min. At this condition, approximately 0.02 mol CO2 was injected to the reactor. The existing equilibrium was disturbed during CO2 addition therefore a waiting process to reach next equilibrium was required When the next equilibrium was established, the next portion of CO2 was added. Addition of CO2 continued until the maximum set pressure in the reactor was reached (~400 kPa).
The experiment may be performed in an automatic mode, so the routines have been developed and verified by performing the measurements with 30mass % MEA solution. The routine for the heat of absorption measurements is provided in Figure 2a .
A). Heat of Absorption B). Heat of Dissolution Figure 2. Developed experimental routines
For the heat of dissolution experiment, the glass reactor was connected with another SS-316 lid, equipped with a batch injector (sample holder) of the solids ( 20 ml) ( Figure 3 ). The reactor was filled with about 150 ml solution, while 1 to 5 grams solid sample was placed into the sample holder. The experiments were performed at constant temperature under ambient pressure (no evacuation).
The solid sample in the sample holder was weighted on a Mettler Toledo XP1203S balance ( 0.001g). The sample holder was closed and screwed to the reactor lid protecting solid sample from any contact with the solvent. The reactor was then immersed into the thermostat unit. A desired experiment temperature was set and system left to reach equilibrium. At equilibrium, the solids was dejected from the sample holder into liquid phase in the reactor and dissolved. The existing equilibrium was disturbed during solids addition therefore a waiting process was also required. When the new equilibrium is established then one experiment was done. The heat of dissolution experiment is a batch-wise experiment, since only one injection may be done. The routine for the heat of dissolution measurements is presented in Figure 2b .
Result and discussion
Procedures verification for the heat of absorption and the heat of dissolution measurements are presented below. Experimental data for the selected systems are tabulated in the Appendix A.
Verification of the experimental procedures
Verifications for both experimental procedures were done by running the experiments with known systems. The heat of absorption procedure was verified using 30mass % MEA and the result shown in Figure 4 . It may be seen that data from this work at both temperatures are about 7 % higher than the data reported by Kim, et al. [7] . The reason for this is not clear. The calorimeter is pre-calibrated by the producer. The reactor is equipped with an electrical validation heater (max 6 W) and a series of experiments with validation heater was run. The difference between the heat generated by the electric heater and heat measured in the calorimeter was within 4%. Data measured in this work are however agree well with the data from Lail et al [8] measured in the same type of calorimeter. For the verification of the heat of dissolution procedure, experiments with Taurine dissolution in water, was performed at 40 C. The heat of dissolution is concentration dependent [10] and decreases as the amount of solids added increases for an exothermic reaction and vice versa. Therefore, the experiment has to be conducted at different concentrations. Thereafter, the heat of dissolution at infinite dilutions can be found by extrapolation ( Figure 5 ).
Calorimetric study of the heat of dissolution of Taurine in water was reported at 25 C, i.e. 24.2 kJ/ mol [10] and 24.9 kJ/ mol [11] . The two reported values are about 3% different. No reported data was found at different temperatures, however Zittle and Schmidt [11] provided the correlation based on Van't Hoff equation to estimate the heat of dissolution at different temperatures and at infinite dilution. The heat of dissolution at 40 C was estimated to be 24.68 kJ/mol, which agrees well with the value estimated in this work. 
Heat of absorption of CO2 in 1.5 M and 3.0M Potassium-Taurate (KTAU) solutions
Heat of absorption of 1.5 M KTAU was measured at 40 C and 80 C. Experiments were performed twice at each temperature to see the reproducibility. The results are presented in Figure 6 . No solid formation was observed during the experiment as expected. Heat of absorption of 3.0 M KTAU was measured at three temperatures:
At 25 C, a sudden increase in the heat of absorption (about 20-30 kJ/mol-Amine) was observed at loading 0.35-0.45 mol-CO2/mol-Taurine due to a supersaturation. After this condition, more CO2 uptake would cause the dissolved solute to precipitate. From there on, the heat of absorption is equal to heat of absorption and heat of crystallization (Figure 7b) . At 40 C, the heat of absorption increased at loading 0.5 mol-CO2/mol-Taurine. The same reason for the experiment at 25 C could explain these phenomena. At 80 C, no solid formation was observed.
The solids formed during the experiment were collected and dried using a vacuum filter. The collected solids were used in the next experiments for heat of dissolution measurements. Experimental values for the heat of dissolution at infinite dilutions determined in this work by extrapolation are presented in Table 2 . It may be seen from the results that the heat of dissolution of pure Taurine in H2O is slightly lower than of the formed solids in water. This may be due to the presence of potassium bicarbonate in solid sample, which has high heat of dissolution [12] . In the experiment for the solids dissolution into KTAU 3.0M, the heat of dissolution was observed to be lower than in the two previous experiments.
Conclusion
Calorimetric study of Potassium-Taurate (KTAU)-CO2 system was performed in a CPA202 calorimeter. Two different experiments were done, i.e. heat of absorption of CO2 in KTAU solvent at different concentrations (1.5 M and 3.0 M), loadings (up to ~ 0.8 mol CO2/ mol Taurine) and temperatures (25 C, 40 C and 80 C) and heat of dissolution of Taurine/ solid formed during the experiment in water or/and KTAU 3.0M at 40 C.
The developed procedure for measuring the heat of absorption was verified with MEA 30mass % at two temperatures (40 C and 80 C). The developed procedure for measuring the heat of dissolution was verified by measuring heat of dissolution of pure Taurine (solid) in water. The result agrees very well with the reported data.
The effect of solid formation was studied during the experiment of the heat of absorption of CO2 into 3.0M KTAU at low temperatures (25 C and 40 C).
The heat of dissolution of the formed solid in water was slightly higher than that of Taurine in water. This may due the presence of potassium bicarbonate, which has higher heat of dissolution while the measured heat of dissolution for the formed solid into 3.0 M KTAU solution was slightly lower than the heat of dissolution of the same solids in water.
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Appendix A. Experimental Results
